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Siooa  Z  returned  from  vial ting  you  all  oaloulatioos  for  the 
airfoil  in  a  flow  with  Maoh  number  1*6  were  redone*     Sorao 
maarioal  mia takes  were  found*     Z  aa  rather  sure  that  tlio 
no*  results  are  oorreoti   they  are  shown  on  the  enclosed 
graphs.     These  resulta  are  cozapared  with  first  and  soeond 
approzlBiations  obtained  by  expanding  the  probleoa  in  powers 
of  the  thicknesis  ratio  A/L^.      Tlxese  approxiriiations  agroo 
with  those  Given  by  Aokeret  and  BmoBuuuu 

Zt  is  intoresting  to  note  that  the  drag  is  ifuadratio  and  the 
9r«S8\u*es  at  both  tips  are  linear  in  A/L    and  are  not  ir^roved 
by  the  seeo^id  approxiiaationi   the  sooond  order  improvestent  of 
the  airfoil  shape  would  therefore  effect  the  drag  only  in 
third  approxizoation* 

The  drag  that  wo  have  oaleulated  turns  out  less  than  tho 
sooond  approxiiBation,  as  is  expected*  but  the  deviation  is 
very  saall*     1  wonder  whether  it  pays  to  have  these  laborious 
oaloulations  carried  through  for  other  Maoh  auribors* 

Another  mistake  that  was  fourul  resulted  in  some  difficulties 
of  a  general  nature*     Consoquently  the  idiole  theory  is  not 
yet  in  a  oomplote  state* 
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AS  1  bad  explained  to  you,  ttoa  oaloulatod  profile*  are 
zwt  exactly  th«ae  that  give  the  miniiian  <irag*     A  xainlaislzie 
aeqaeaee  for  a  fixed  Initial  anj^le  will  either  approach  a 
profile  that  boglna  with  a  straight  aegment  (Ca«e  I)  or  ono 
lAifMe  Initial  angle  Is  leaa  than  the  preecrlbed  one  (Caae  III). 
We  have  picked  an  Initial  angle  for  irtiloh  the  alnlanai  belongs 
to  Case  II,  In  which  the  Initial  angle  Is  the  prescribed  ono 
tout  eliailgot  Iseaedlately*     I  still  believe  that  It  gives  a 
good  approodniatlon  to  do  soj   the  drag  Is  Indeed  decreased 
OS  our  graphs  show.     Barller  I  had  clelasd  that  the  mlnlam 
on  varying  the  Initial  axigle  belongs  to  Case  I|  It  now  turns 
out  that  It  belongs  to  Case  III.     In  other  ;forda,  a  profile 
for  which  the  drag  Is  near  Its  lower  Uialt  baa  a  strong 
curvature  near  the  tip.     The  assun^jtloa  that  the  flofw  around 
the  profile  could  be  described  as  a  slriple  wave  and  that  the 
waves  reflect  from  the  shock  0'\n  be  forgotten.   Is  then  no 
leagor  justified. 

If  this  aseuniptlon  were  still  justified  ono  would  aarrlve  at 
ttas  paradoxical  conclusion  that  a  nlnliOL^  drag  would  be  obtained 
toy  aaklng  the  entropy  as  large  as  possible.     Indeed,  since  the 
•tagnatlon  pressure  deoreasee  with  Inoceaslng  entropy,   the 
••as  Is  true  for  the  preasvo^e  at  any  point  of  the  Maeh  line 
witti  a  given  angle  of  flow  direction  In  a  slaple  wave.     To 
achieve  alnlsMa  drag  one  would  therefore  have  to  strengthen 
the  shook  at  the  tip,  perhaps  even  to  round  off  the  tip  of 
the  nose  to  oreato  a  nonaal  shock  there  standing  a  little 
bit  ahead  of  the  tip* 

Another  argiaaent  Is  thlst     Suppose  one  modifies  the  shap*  of 
the  profile  slightly  only  at  the  tip  by  changing  the  angle  and 
•oypee*  •ne  considers  the  se^ueaoe  of  profiles  obtalnod  by 
lotting  this  nedlfloatlon  approaeh  sore  In  such  a  wey  that 
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tho  raodlfled  Initial  angle  la  kept  flxod*   Than  clearly  the 
flow  as  a  whole  will  not  differ  very  much  from  that  around 
the  unmiodlfled  profile. 


Vevertheleesy  the  entropy  along  tho  contour  la  permanently 
dlffereot*   Consequently  there  Is  a  boundary  layer  along 
the  oontour*  The  saas  arguaents  that  are  used  for  the 
viscosity  boundary  layer  theory  yield  also  here  that  the 
pressure  should  be  essentially  constant  across  theboundary 
layer*  TtoAt,   however^  is  In  contradiction  to  the  assumption 
that  the  flow  ean  be  described  as  a  siiqple  wave.  The  adjust* 
BMnt  of  the  pressure  to  tbat  of  the  main  stream  anist  be 
aooQsqplished  by  reflected  and  re-reflected  waves. 

For  a  treatment  of  the  problem  inoiudlng  the  waves  reflected 
from  the  ahock,  a  third  approxi^oation  se«3Ui  reasonable.  As 
a  natter  of  fact,  the  reflected  wave  drops  out  In  first  or 
second  approximation.  That  this  is  so  does  not  seem  obvious 
to  jns,  because  the  well«known  fact  that  the  entropy  changes 
only  in  third  order  Is  no  sufficient  reason.  Por  a  justifioa* 
tion  ozM  need  show  that  the  relation  between  pressure  and 
flow  angle  across  a  shook  and  across  a  simple  conqpresslon 
wave  (a  Meyer  wave  run  through  backwards)  disagree  only  in 
third  order.   I  have  verified  this  fact  by  oalculationi 
but  I  do  not  have  a  short-cut  reason  for  it. 
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8ino«  th«  Moond  approximtioa  is  already  v«ry  aoourata 
In  the  range  oonaidered.  It  SMiao  mora  raaaonabla  to  dovalop 
a  third  ordar  appraxlnetlon  with  raflaotad  wavaa  Ukea  Into 
aooount,  rathar  than  an  exaot  trontnent  without  doing  so* 

Tho  antropy  In  third  ordor  turns  out  to  ba  oonatant  and  tha 
flow  is  oonaaquantly  stUl  a  potential  flow  in  tiilrd  order. 
Bie  Influenoe  of  entropy  change  and  reflected  wave  on  the 
pressure  distribution  alono  the  profile  shows  up  in  that  the 
pressure  at  a  point  of  the  profile  depends  in  third  order 
not  only  on  the  slope  at  that  point  but  also  on  the  slope 
at  tha  tip*  The  term  expressing  this  dependence  drops«  how- 
ever, out  from  the  expression  for  tha  drag.  !Ehua  the  problem 
Of  jnlnimlzlne  the  drag  la  still  reasonable  In  third  order  and 
It  would  at  leaat  be  neoessary  to  go  to  the  fourth  order  to 
decide  whether  mlnliaum  drag  re<iuires  any  irre^riiiarlty  at  the 
tip.  To  earry  this  out  would  bo  very  laborious  and  therefore 
Z  am  sending  the  enclosed  graphs  as  they  are.  (I  had  aslayed 
doing  so  for  two  weeks  because  I  had  hoped  I  could  settle  the 
<|uestion  in  the  loeantltae. ) 

With  best  reg&rdSy 

▼ery  truly  yours. 


X.  0.  Priedrldis 
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